itat of the parent plant, providing protection from the risks of random dispersal and seedling establishment (Campbell et al. 1983) . Under heavy grazing, chasmogamous florets (open, potentially outcrossed flowers) on aerial panicles may be eaten or damaged, thus subterranean cleistogamous florets would be the primary means of providing progeny for stand maintenance.
Limited information is available on the germination requirements of chasmogamous florets of Texas wintergrass, and no germination information has been reported for basal axillary cleistogamous florets of thii amphicarpic species. Herrero (1955) used several pre-imbibition treatments to try to overcome mechanical and/ or physiological dormancy mechanisms associated with chasmogamous florets. Andersen (1963) enhanced germination by removing the lemma and palea from the caryopses of chasmogamous florets. More recently, Fowler (1986) partially characterized microsite requirements for germination of chasmogamous florets in field+zollected soil in a greenhouse under different watering regimes and soil surface conditions. These germination studies, however, have not simulated the range of temperature and moisture conditions to which florets are exposed throughout the growing season in central Texas.
The objectives of this study were to characterize floret morphology and investigate the effects of different temperature X water potential regimes on germination responses of chasmogamous and basal axillary cleistogamous florets from different populations of Texas wintergrass in the Blackland Prairie region of Texas.
M8teri& urd Methods
While chasmogamy and cieistogamy properly refer to flowers, these terms have been applied to spikelets and florets and by descent to caryopses (Campbell et al. 1983 ). Propagules used in other studies have been referred to as spikelets. Propaguies used in this study will be referred to as florets (lemma and palea with enclosed flower or caryopsis) because solitary, basal axillary, cleistogamous "spikelets" of Texas wintergrass do not have @umes (Hitchcock 1971) , and one-flowered, chasmogamous "spikelets" on aerial panicles separate above the glumes at maturity (Andersen 1963) .
Chasmogamous and basal axillary cleistogamous florets of Texas wintergrass were collected from 2 populations on native Blackland Prairie sites near Caidweli and McGregor, Texas in May and June 1985. The Caldwell site is a heavily grazed pasture on a 3% slope with Texas wintergrass dispersed throughout low areas. The soil is a Dimebox clay (fine, montmorillonitic, thermic Udic Pellustert) with a pH of 7.0 and low N (1 .O mg kg-') and P (1 .O mg kg-') levels. Average annual precipitation is 977 mm, which occurs in a bimodal pattern with peaks in April through June and September through October. The McGregor site (130 km north of the Caldwell site) is a heavily grazed pasture on bottomland. The soil is a Houston black clay (fine, montmorilionitic, thermic Udic Pellustert) with a pH of 8.2 and higher N(2.0 mg kg-') and P (12 mg kg-') levels than the Caldwell site. Average annual precipitation is 844 mm with peaks in April through May and September through November. (lng) Plorct wt. (%) 9.3 f 1.9 13.8 f 2. Lots of 100 chasmogamous florets and 100 cleistogamous florets from each population were placed on one piece of Whatman No. 1 chromatography paper in separate 13 X 13.5 X 3.5-cm plastic trays. The chromatography paper was supported by a 5-mm thick piece of polyurethane foam with 5 cotton wicks which extended into a 200-ml reservoir of solution. Solutions had water potentials of 0, -0.25, -0.50, and -0.75, and -1 .O MPa, which were derived by mixing 20,000 MW polyethylene glycol (PEG) with distilled water. Solution water potentials were measured by saturating chromatography paper discs Q-mm diam) and placing them into a Wescor Model C-52 psychrometer sample chamber. Readings were recorded with a Wescor HR 33-T microvoltmeter following a I-min equilibration period and a 5-see cooling period. Solution water potentials were measured the day following initial mixing and the day following any adjustments in PEG concentrations to achieve desired water potentials. Trays were wrapped with clear polyethylene film to reduce evaporation and stabilize relative humidity.
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Trays were placed in controlled environment chambers with night/day temperature regimes of 10/20,15/25, and 20/30° C and 12-hour photoperiods. During the day period, a light intensity of 450 ~1 mol m-* set-' was maintained at tray level. Germination was evaluated every other day over a 29day period. The caryopsis, enclosed in the lemma and palea of the floret, was considered to have germinated when the coleoptile had emerged and radicle length was greater than or equal to 5 mm (Copeland 1978) . Germination rates were estimated by calculating the mean time in days taken for nondormant viable caryopses to germinate (Ellis and Roberts 1978). The mean germination time (MGT) was calculated as follows:
where n is the number of caryopses which germinate on day D, and D is the number of days counted from the beginning of the germination test.
The germination experiment was arranged in a completely randomized design with 3 replications (trays) per treatment. The entire experiment was repeated, and data from both trials were combined and analyzed by analysis of variance and quadratic response surface procedures (KO.05) (Evans et al. 1982 , Ray 1982 . Germination data were transformed with an arcsin transformation before statistical analysis.
RetUlttl Floret Characterization
Basal axillary cleistogamous florets, found in 92% of the crosssectioned culms for the Caldwell population and 85% of the culms from the McGregor population, were enveloped by 1 to 4 leaf sheaths at the base of the culm and surrounded by 1 to as many as 7 cuhns of the same parent plant. Component structures of cleistogamous florets were greatly reduced in length and weight relative to those of chasmogamous florets for both populations (Table 1) . Cleistogamous caryopses were smaller than chasmogamous caryopses, but when compared on a relative weight basis, cleistogamous caryopses comprised 42 to 45% more of the total floret weight for the 2 populations. Awns accounted for greater than 45% of the total weight of chasmogamous florets for both populations.
Germination Responses
Caryopses from chasmogamous florets of both populations had a mean viability of 60% while caryopses from cleistogamous florets of the Caldwell and McGregor populations had mean viabihties of 75 and 72%, respectively.
Cumulative germination of chasmogamous and cleistogamous florets for both populations was greatest at the 0 MPa water potential in the 10/20° C temperature regime, and generally decreased as substrate water potential decreased and temperature increased (Table 1) . With the exception of chasmogamous florets from the McGregor population, germination was reduced significantly (KO.05) when substrate water potentials decreased from -0.50 to -0.75 MPa and from -0.75 to -1.0 MPa in the 10120 and 15125" C temperature regimes. Cumulative germination of chasmogamous florets from the McGregor population was significantly (KO.05) lower than that of chasmogamous florets from the Caldwell population at more favorable water potentials in the IO/ 20 and 15/ 25O C temperature regimes. Similarly, germination of cleistogamous florets from the McGregor population was slightly lower than that of cleistogamous florets from the Caldwell population at water potentials of 0 to -0.75 MPa in all 3 temperature regimes. Cleistogamous florets from both populations had higher cumulative germination percentages than chasmogamous florets in most of the temperature regime X water potential combinations. Mean germination time was shortest for chasmogamous and cleistogamous florets from both populations at the 0 and -0.25 MPa levels in the 15/25 and 20/ 30" C temperature regimes, and increased by 1 to 6 days (depending on water potential level) as temperatures declined from 15/25 to lo/ZOO C (Table 3) . With the exception of chasmogamous florets from the McGregor population, mean germination time increased 5 to 9 days as substrate water potentials decreased from 0 to -1 .O MPa in all 3 temperature regimes. Mean germination time of cleistogamous florets from the McGregor population was 1 to 2 days longer than that of cleistogamous florets from the Caldwell population at the various water potential X temperature regime combinations. Mean germination time values for cleistogamous florets from both populations were 1 to 5 days longer than those of chasmogamous florets at most of the water potential X temperature regime combinations.
Discussion

Floret Cb8r8eterizrtion
Reductions in the size of caryopsis, lemma/paIea/callus complex, and awn of cleistogamous florets from the 2 populations may be attributable to adaptations for enclosure in basal leaf sheaths and to relaxed selection for dispersal mechanisms of chasmogamous florets (Campbell et al. 1983 ). Long awns facilitate the movement of chasmogamous florets across the soil surface to more distant, favorable microsites (i.e., soil cracks or litter) (Peart 1979) , whereas short-awned cleistogamous florets remain in the favorable microenvironment of the parent plant. Long, hygroscopic awns may drill chasmogamous florets into the soil by twisting and straightening when exposed to cycles of dehydration and hydration (Simpson 1952) . Retorsely scabrous hairs on the callus end anchor the chasmogamous floret in the soil and counter the force produced by the radicle as it penetrates into the soil (Peart 1979) .
The relative allocation of resources to chasmogamous and cleistogamous florets of Texas wintergrass and other amphicarpic grass species is influenced by several interacting environmental factors, including available soil moisture, temperature, nutrient availabil- ity, photoperiod, light intensity, plant density, and frequency and intensity of defoliation (Bell and Quinn 1987 , Brown 1952 , Clay 1983 . Under suboptimal growing conditions, a higher proportion of cleistogamous florets may be produced because they have reduced floral parts and presumably cost less to produce than chasmogamous florets (Campbell et al. 1983) . In addition to allocating a greater proportion of resources to caryopses than accessory structures, cleistogamous florets of Texas wintergrass are also produced before chasmogamous florets (Dyksterhuis 1945) and thus have earlier access to available resources. Peanutgrass (Amphicarpum purshii), an amphicarpic annual adapted to disturbed areas in the Coastal Plain of eastern North America, has also been shown to allocate resources earlier to subterranean cleistogamous florets than to aerial chasmogamous florets (Cheplick and Quinn 1982) . Diiferential germination responses of chasmogamous and cleistogamous florets from the 2 populations of Texas wintergrass can be explained, in part, by site environmental conditions and mechanical and physiological dormancy mechanisms. Chasmogamous and cleistogamous florets from the Caldwell population developed under a more favorable moisture regime before collection in late May and early June 1985. The Caldwell and McGregor sites received 1,003 mm and 777 mm, respectively, during 1984, and 290 mm and 261 mm, respectively, from January through May 1985. Even under optimal temperature and moisture conditions in the controlled environment, chasmogamous florets from the McGregor population had the lowest cumulative germination in relation to potential viability and the slowest mean germination time of any floret type from the 2 populations. Fowler (1986) observed a similar germination response for chasmogamous florets from a population of Texas wintergrass in the Edwards Plateau region of central Texas where precipitation averages 890 mm annually. Only 25% of the viable caryopses germinated in a 16/ 21" C alternating temperature regime in a controlled environment. Fowler (1986) also observed that stratification (florets wet for 14 days at 5' C) lowered germination slightly, and that scarification (method not indicated) and after-ripening (time length not indicated) did not improve germination, indicating the absence of physiological and/ or mechanical dormancy mechanisms for chasmogamous florets. However, Andersen (1963) removed the lemma and palea from chasmogamous florets of Texas wintergrass and increased cumulative germination to 94% and hastened germination rate in a IS/ 25O C alternating temperature regime in a controlled environment. Significant reductions in cumulative germination in both floret types from the Caldwell and McGregor populations in the 20/300 C temperature regime support the hypothesis that physiological dormancy mechanisms may reduce early germination of Stipa florets during the hot, dry summer months following dispersal (McAliiter 1943 , Rogler 1944 , Fuloright et al. 1983 . Germination in the 20/ 30' C temperature regime in the controlled environment may have been higher than that which would occur under field conditions with the same temperature regime, since florets in germination trays were always in contact with a moist substrate and a high relative humidity. Dyksterhuis (1945) observed that Texas wintergrass plants several years of age, such as those used in this study, could have basal axillary cleistogamous florets ranging in age from 1 to 3 years. Therefore, in addition to having priority in resource allocation during development, cleistogamous florets used in this study may have developed under a variety of environmental conditions, and may have had sufficient time to overcome any physiologically imposed dormancy. Chasmogamous florets, especially those from the McGregor population, developed under one set of suboptimal conditions which may have intensified the effect of mechanical and/or physiological dormancy mechanisms.
Germination studies with other amphicarpic species show that chasmogamous and cleistogamous spikelets behave differently. McNamara and Quinn (1977) investigated the germination of aerial chasmogamous spikelets and subterranean cleistogamous spikelets from the same population of peanutgrass in controlled environments with 15/ 25,20/ 30, and 20/ 35' C alternating temperature regimes. Cumulative germination after 2 1 days ranged from 1 to 43% for caryopses from chasmogamous spikelets and from 34 to 87% for caryopses from cleistogamous spikelets. Dobrenz and Beetle (1966) observed no difference in cumulative germination between chasmogamous and cleistogamous spikelets of one-spike oatgrass (Danthonia unispicata) and Caliiomia oatgrass (D. califomica), but found cleistogamous spikelets to have a higher cumulative germination (70%) than chasmogamous spikelets (33%) in poverty oatgrass (0. spicata). Clay (1983) planted both types of spikelets of poverty oatgrass at a depth of 0.5 cm in a greenhouse environment (26.6O C), and observed 35% germination after 10 days for cleistogamous spikelets compared to 2% germination after 27 days for chasmogamous spikelets.
Based upon optimum germination responses (greatest cumulative germination and most rapid mean germination time) and seasonal temperature and moisture availability in the Blackland Prairie region of central Texas (National Oceanographic Atmospheric Administration 1984), germination from natural seedbanks or artificial seedings should occur between late September and mid-November. Relatively high cumulative germination percentages in the IO/200 C temperature regime indicate that germination could occur December through February during mild winters. Fowler (1986) observed germination of chasmogamous florets in the Edwards Plateau region of central Texas in October and November, and indicated from controlled environment studies that germination could occur in February or March. Dyksterhuis (1945) fiit observed seedlings from chasmogamous florets and cleistogamous florets in late September and mid-October, respectively, in the northern portion of the Blackland Prairie region. Slower mean germination times for cleistogamous llorets may not be detrimental to germination and seedling establishment under field conditions, because of their location in a relatively favorable microenvironment created by the parent plant. When compared to chasmogamous floret germination in an exposed soil environment, the cleistogamous floret in the residue of the parent plant may have more favorable temperature and moisture conditions over a longer period of time.
This study of the component structures, viability, and germination responses of chasmogamous and basal axillary cleistogamous florets from 2 populations of Texas wintergrass in the Blackland Prairie region of central Texas gives an indication of the relative importance of the 2 types of propagules in the maintenance of Texas wintergrass stands under field conditions. Since cleistogamous florets allocate fewer resources to accessory structures and have higher viability and germination percentages than chasmogamous florets, and remain in the favorable microhabitat of the parent plant, seedlings arising from these florets may have a better chance of survival to reproductive age. Self-fertilization and cleistogamy may be largely responsible for the ability of Texas wintergrass to regenerate under continuous heavy grazing pressure. While cleistogamous florets provide for a high probability of local reproductive success, chasmogamous florets, with greater genetic variability and morphological adaptations for dispersal, provide an opportunity for more distant reproductive success. 
Literature
